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Cardiac Arrhythmias During Dental Aninsthesia
Cardiac arrhythmias must be considered an unforeseen complication during dental anwsthesia, though surprise may be expressed that in the past the heart has been able to withstand the regime of anoxic anesthesia in the dental surgery.
Many of the patients in this series had gross cardiac disease and were being treated with digitalis, diuretics and potassium supplements. They were having dental treatment in the operating theatre as in-patients, with full-scale endotracheal aneesthesia, to avoid anoxic insult or because they were too apprehensive to be considered for local anesthesia. Dental care consisted mainly of extractions, either to prevent subacute bacterial endocarditis or before cardiac surgery.
The continuous monitoring of the electrocardiogram (ECG) as well as the measurement of the blood pressure at frequent intervals in these patients was intended to provide comparable conditions of safety when they underwent open cardiac surgery two to three weeks later, attended by a team of cardiac surgeons, physicians and aneesthetists and a battery of monitoring devices. This report is not of a deliberate study under controlled conditions but a collection of observations on patients with many variables. For premedication, pethidine and promethazine (often with atropine) or papaveretum and hyoscine were given. Aneesthesia consisted of preoxygenation, small doses of thiopentone (maximum dose 250 mg), suxamethonium followed by nitrous oxide, oxygen and halothane (0-5-1 %) or trichloroethylene, via a nasotracheal tube and with spontaneous respiration. In most instances the ECG leads were in place prior to the induction of anesthesia (except in children) and a monitoring oscilloscope was initially employed, usually displaying lead II. To allow closer inspection of the ECG and to keep a permanent record of events, the oscilloscope was connected to a direct writing recorder (Mingograph 24B).
The commonest arrhythmias occurring during dental antsthesia were sinus tachycardia, ventricular tachycardia, ventricular extrasystoles, coupled beats and even multifocal extrasystoles. These were precipitated by the stimulus of extraction so that in many instances the monitor was a reliable indicator of the moment of extraction. The arrhythmias often ceased when the stimulus was removed but on occasion it was necessary to discontinue anesthesia and administer oxygen and even intravenous lignocaine and pronethalol. Arrhythmias were surprisingly absent during intubation and extubation.
The incidence of arrhythmias in this series of 40 patients appears to be of the order of 95 % for a tachycardia of over 100 per minute and 50% for ventricular extrasystoles. No blood pressure changes were detected by auscultation of the brachial artery. Some of these arrhythmias are illustrated by the following examples:
Case 1 A patient of 53, with aortic incompetence and paroxysmal atrial fibrillation being treated with digoxin, hydrochlorothiazide and oral potassium, had 11 teeth extracted during anwsthesia as outlined above with papaveretum and hyoscine as premedication and halothane as the main agent during the operation. 'Coupling' was precipitated by the first extraction, was present all the way through operation and ceased spontaneously. The serum potassium was 4 1 mEq/1. Case 2 A patient aged 57, with mitral stenosis and incompetence of rheumatic origin, was being treated with digitalis, hydrochlorothiazide and potassium supplements; she had had mitral valvotomy eleven years ago. Her pre-operative ECG showed atrial fibrillation with a digitalis effect. Her serum potassium was 4-2 mEq/l. (though it had been 3-3). Premedication was papaveretum and hyoscine and the main agent halothane. During induction of anesthesia her pulse rate was 170/min which settled to 115 when she was asleep. Within two seconds of an elevator being applied to a tooth, ventricular extrasystoles appeared and became very prominent after a further ten seconds. Within two seconds of the forceps being applied to extract a tooth, multifocal ventricular extrasystoles appeared and eventually became bidirectional (Figs 1.
2&3).
Case 3 A patient aged 46, with mitral stenosis and incompetence and atrial fibrillation, was treated with digitalis, hydrochlorothiazide and oral potassium (serum potassium 3-2 mEq/l.). Ventricular extrasystoles appeared only when unusual force was required for the extraction.
Case 4 A patient aged 52, with mitral stenosis and incompetence and atrial fibrillation, being treated with digitalis and diuretics, similarly developed ventricular extrasystoles after the stimulus of extraction. These were multifocal and the intravenous injection of 50 mg lignocaine succeeded only in converting the rhythm to coupled beats. Eventually it was abolished by intravenous injection of pronethalol though there was still a tachycardia of 100/min before the rate settled at 70/ min.
Case 5 A patient aged 21 had a Blalock operation in 1959 and correction of Fallot's tetralogy in 1964; her pre-operative ECG was normal and she was not being treated with cardiac glycosides or diuretics. Premedication consisted of pethidine and promethazine and the main agent during operation was halothane (1 %). After induction ofanesthesia the rhythm became nodal. Within three seconds of the application of the dental forceps to an upper molar tooth, ventricular extrasystoles were seen (Fig 4) which ceased with the cessation of the stimulus. 2 % lignocaine without adrenaline was now infiltrated around two molar This pattern ceased when the stimulus was removed teeth, one in the upper and one in the lower jaw: after a short pause to allow the local analgesia to act, the upper molar was extracted and no arrhythmia was seen ( Fig 5) while extraction of the lower molar produced ventricular extrasystoles within two seconds of the application of forceps ( Fig 6) . Local analgesia by infiltration in the lower jaw is well known to be unsatisfactory.
Two patients with cardiac disease were monitored during extractions under local analgesia without adrenaline. One patient with atrial fibrillation and occasional ventricular ectopic beats had an increase in the number of ventricular extrasystoles during the injection of the lignocaine but none during the extractions when a tachycardia of 1 30/min was noted. The other patient with a normal rhythm developed ventricular extrasystoles during the injection, reverting to normal, but coupled beats returned during the extractions.
It would have been more appropriate to make observations on the ECG first of all on normal patients but the detection of arrhythmias was entirely fortuitous; however this has been rectified in the last few weeks, though only a few observations have been made. In 20 patients under similar conditions of anesthesia sinus tachycardia of over 100 developed during the course of extractions and occasional extrasystoles were also detected. In one patient lignocaine with adrenaline was also injected into the gums when the main agent was halothane and no abnormal rhythm was seen.
In a series of 15 patients who were being anesthetized with nitrous oxide, oxygen and halothane in the dental surgery for extractions as out-patients, sinus arrhythmia was commonly noted and tachycardia seen during induction. Tachycardia sometimes persisted during the whole of the procedure. If the heart rate subsequently slowed down, the stimulus again produced tachycardia.
One patient who had methohexitone as the sole agent had a resting pulse rate of 60/min; this rose to 120 during the insertion of the mouth pack and to 140 during extraction.
Case 6 A child aged 6 being anesthetized with nitrous oxide, oxygen and 3 % halothane, also in the dental surgery, had a resting pulse rate of 75. (The electrodes were applied immediately the child was asleep.) The pulse rate rose to 90 and later to 130 per minute during the course of aneesthesia. Within six seconds of the application of the dental forceps extrasystoles were seen, while at 20 seconds with extraction still in progress, coupled beats and multifocal extrasystoles appeared, lasting for five seconds. They disappeared when the stimulus was removed.
The ECGs of 5 normal patients having extractions under local analgesia have also been studied.
When no adrenaline was used, in one patient the resting pulse rate was 75, four teeth being extracted: as the last tooth was being removed aneesthesia was wearing off, the patient felt pain and the pulse rate rose immediately to 130 per minute. Another patient developed ventricular extrasystoles while awaiting the extraction to be performed five minutes after the injection of the local solution.
When 1: 80,000 adrenaline was used with the lignocaine, one patient developed ventricular extrasystoles but this occurred as the needle pierced the gum, before any injection actually took place. Another patient had a resting pulse rate of 80/min which rose to 88 and 100 during two injections, while during extraction the pulse did not rise above 85/min. Finally, another patient had a pulse rate of 90/min and within ten seconds of injection this had dropped to 65 and was 80 per minute during extraction.
Factors that predispose to cardiac arrhythmias include the following:
(1) Apprehension: This resulted in tachycardia particularly during the administration of local anmsthesia and during the induction of general anwsthesia. The actual operation of injection caused ventricular extrasystoles or an increase in the number of pre-existing ones. Failure of local analgesia to provide satisfactory conditions for multiple extractions resulted in tachycardia and this was seen when adrenaline was omitted from the solution.
(2) Many of the patients had cardiac disease and they may be more sensitive to pressor amines especially if they are being treated with cardiac glycosides.
(3) In addition to digitalis some patients were being treated with diuretics of the thiazide variety which cause a reduction in the intracellular potassium; this accentuates the toxic effects of digitalis especially the arrhythmias (Lown et al. 1960 ).
(4) Thiopentone is a known myocardial depressant agent. Recently Pitts et al. (1965) noted an increased incidence of atrial and ventricular arrhythmias after thiopentone as compared with methohexitone, and that multifocal ventricular extrasystoles only occurred with thiopentone; these observations were made in the postconvulsion phase of electroconvulsive therapy. (5) Dowdy & Fabian (1963) drew attention to the fact that, after the intravenous injection of suxamethonium, patients who were not fully digitalized and had no ECG evidence of digitalis intoxication developed a prolonged P-R interval, depression of the S-T segment and biphasic, depressed or inverted T waves. Five of 17 of their patients developed ventricular extrasystoles and one had a cardiac arrest. They suggested that suxamethonium caused a further loss of potassium from cardiac muscle and that this could be treated by administration of d-tubocurarine. (6) Halothane: The cause of ventricular arrhythmias under halothane anasthesia has been reviewed by Johnstone & Nisbet (1961) who listed the intravenous use of atropine, CO2 retention, sensory stimulation under light anesthesia and the infiltration of solutions of adrenaline.
Many of these factors might have been instrumental in producing these arrhythmias: However, they have occurred in cardiac patients who were not receiving drugs and even in normal subjects and it appears that, irrespective of the predisposing factors, they have been precipitated by sensory stimulation of dental extraction resulting in a release of the patient's own pressor amines. As the response occurs so rapidly after the dental extraction, it is suggested that it causes a release of myocardial catecholamines. The effect of local analgesic solutions without adrenaline may have been exaggerated as the amount injected is insignificant compared with the amount secreted by the patient. Solutions with adrenaline may be acceptable to cardiac patients, as the nerve block is superior if it is used and it is the act of injection per se that seems to cause cardiac arrhythmias. Their incidence may be prevented during general anesthesia by the prior infiltration of local anesthesia around the tooth to be extracted, although this appears to be effective only in the upper jaw.
The significance of these arrhythmias needs careful assessment. It has been shown in man that during ventricular extrasystoles the aortic blood flow is considerably reduced while the mean blood pressure and pulse amplitude fall. The first following normal beat is characterized by an increase in stroke volume (Porje & Rudewald 1965) . Patients with cardiac disease may be unable to withstand these violent fluctuations in hiemodynamics. Ventricular extrasystoles can predispose to ventricular fibrillation and this may also account for a sudden unexplained death during dental anesthesia. This is not a study under controlled conditions but a preliminary report prompted by the fortuitous observations ofventricular arrhythmias seen during dental anmsthesia. Some of the conclusions are probably unjustified or too generalized and are intended only to add to patients' safety. Cardiac patients undergoing dental treatment under general anesthesia are more at risk than has hitherto been believed. The arrhythmias seen in this series are more prolific than those produced during cardiac catheterization.
Dental extraction is a painful procedure and though the patient under anesthesia is unable to show his displeasure by facial grimace, the heart is able to express its resentment by distorting its ventricular complexes.
Perhaps Crile was correct when he said that during general anesthesia part of the brain only is asleep (Crile 1913 
Fits and Faints
It has long been known that a sudden lowering of blood pressure may occur during an otherwise uncomplicated administration of nitrous oxide and oxygen, often followed by a delayed recovery from anesthesia. These attacks, with their accompanying pallor, have hitherto been thought to be due to a vago-vagal phenomenon and have become colloquially known as 'nitrous oxide faints' (Bourne 1957 (Bourne , 1958 (Bourne , 1960 although delay in recovery has been attributed to prolonged periods of suboxygenation (McConnell 1959) . Bourne has attributed 'fainting' during nitrous oxide dental anesthesia to the sitting position although Goldman et al. (1958) detected no falls in blood pressure during an unselected series of cases anesthetized in the sitting position.
I have observed similar falls in systemic blood pressure after the anwsthetic has been withdrawn and, in some patients, several minutes after full recovery. In some instances, this relapse into unconsciousness has not been accompanied by a fall in blood pressure. It was decided to investigate these cases and this paper describes the results obtained during a period ofjust over ten years.
Design and Organization ofthe Investigation
As it was obviously impossible to foresee which patients might exhibit falls in systemic blood pressure during nitrous oxide-oxygen anesthesia the investigation was limited to the following two groups:
(1) Patients who were reported to have shown sudden pallor during a previous administration of nitrous oxide and oxygen or after the anesthetic had been withdrawn, or those who appeared to have had a delayed recovery. Most of these had dental and dental-anesthetic notes from King's College Hospital where the investigation was being conducted; some, however, were referred from local dental surgeons.
(2) Patients referred for general anesthesia from the 'local extractions' department of the dental hospital. Investigations in this group were limited
